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Introduction: EUROFORS was a 2-yr prospective, randomized trial of postmenopausal women with
established osteoporosis, designed to investigate various sequential treatments after teriparatide
20 �g/d for 1 yr. The present secondary analysis examined the effects of 2 yr of open-label teripa-
ratide in women previously treated with antiresorptive drugs for at least 1 yr.

Methods: A subgroup of 245 women with osteoporosis who had 2 yr of teriparatide treatment
were stratified by previous predominant antiresorptive treatment into four groups: alendronate
(n � 107), risedronate (n � 59), etidronate (n � 30), and non-bisphosphonate (n � 49). Bone mineral
density (BMD) at the lumbar spine and hip was determined after 6, 12, 18, and 24 months, and bone
formation markers were measured after 1 and 6 months.

Results: Significant increases in bone formation markers occurred in all groups after 1 month of
teriparatide treatment. Lumbar spine BMD increased at all visits, whereas a transient decrease in
hip BMD, which was subsequently reversed, was observed in all groups. BMD responses were similar
in all previous antiresorptive groups. Previous etidronate users showed a higher increase at the
spine but not at the hip BMD. Duration of previous antiresorptive therapy and lag time between
stopping previous therapy and starting teriparatide did not affect the BMD response at any skeletal
site. Treatment-emergent adverse events were similar to those reported in treatment-naive post-
menopausal women with osteoporosis treated with teriparatide.

Conclusions: Teriparatide induces positive effects on BMD and markers of bone formation in
postmenopausal women with established osteoporosis, regardless of previous long-term exposure
to antiresorptive therapies. (J Clin Endocrinol Metab 93: 852–860, 2008)

Teriparatide, recombinant human PTH (1–34), is a bone-an-
abolic agent indicated for the treatment of postmenopausal

women and men with osteoporosis. The anabolic effects of
teriparatide are manifested as an increase in skeletal mass (1–3),

an increase in markers of bone formation and resorption (2–4),
improvement in bone structure (5–8), and an increase in bone
strength (9). These effects are achieved by preferentially stimu-
lating osteoblastic over osteoclastic activity (2).
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Several osteoporosis treatment guidelines, mainly in Europe,
recommend the use of teriparatide for the treatment of severe
established osteoporosis as a second-line treatment (10). Thus,
many patients initiating teriparatide therapy have often been
previously treated with antiresorptives for long periods of time
(11). An important clinical question is whether the response to
teriparatide in these patients is similar to the response in patients
who have never received treatment. Preclinical studies in ovari-
ectomized rats indicate that teriparatide significantly enhances
bone mass and bone strength regardless of previous therapies
(12). Clinical studies have shown that the sequential use of
teriparatide (20 �g/d) after long-term daily alendronate or ralox-
ifene therapy stimulated bone turnover; however, previous treat-
ment with alendronate prevented early bone mineral density
(BMD) responses to teriparatide (3). Other studies suggest that
concomitant use of alendronate with PTH therapy reduces the
ability of PTH to stimulate new bone formation (13–15).

Using data from the European Study of Forsteo (EURO-
FORS) (16), the effects of 2 yr of open-label teriparatide treat-
ment on BMD and biochemical markers of bone formation was
determined in women with established osteoporosis who were
previously treated with antiresorptive therapy for at least 1 yr.

Subjects and Methods

Study design and participants
EUROFORS was a prospective, open-label, randomized trial of 865

postmenopausal women with established osteoporosis designed to in-
vestigate various sequential treatments of teriparatide over 2 yr. The
study was conducted at 95 centers in 10 European countries. The present
analyses were conducted using data from 245 patients treated with open-
label teriparatide therapy for more than 12 months and up to 24 months
and who had previously been treated with one predominant antiresorp-
tive drug for a minimum of 12 months. These patients were stratified by
type of previous antiresorptive therapy. Participants were women age 55
yr and above that were at least 2 yr postmenopausal at the time of study
entry. Patients were required to be ambulatory and free of severe chron-
ically disabling conditions other than osteoporosis and to have normal
laboratory values for serum calcium, alkaline phosphatase, and PTH,
with a lumbar spine (L1–L4), femoral neck, or total hip BMD T-score
below �2.5 SD. At least two lumbar vertebrae were required to be with-
out artifacts, fractures, and/or other abnormalities. Patients were re-
quired to have at least one documented preexisting clinical vertebral or
nonvertebral fragility fracture within the last 3 yr before enrollment.
Additional inclusion criteria for the present prespecified subgroup anal-
ysis included patient self-reported use of alendronate, risedronate, or
etidronate for more than 12 months with less than 3 months of any other
bisphosphonate, or the use of any non-bisphosphonate (including cal-
citonin, raloxifene, estrogen therapy/estrogen progestagens therapy (ET/
EPT) and vitamin D metabolites) for more than 12 months with less than
3 months bisphosphonate use. Women were excluded if they had other
diseases affecting bone metabolism; past radiation therapy involving the
skeleton, skeletal tumors, or metastases; nephrourolithiasis within the
past 2 yr; carcinoma of the breast or estrogen-dependent neoplasia ever
or other malignancies in the past 5 yr; and abnormal thyroid, liver, or
renal function. Each patient provided written informed consent, and
institutional review board approval was obtained at each study center.
All study methods and procedures were conducted in accordance with
the ethical standards of the Declaration of Helsinki.

Treatments and blinding
All 245 patients received open-label teriparatide 20 �g/d and daily

supplements of 500 mg elemental calcium and 400–800 IU vitamin D for
up to 24 months. A screening visit was completed within 1 month of
obtaining written informed consent, and eligible women began teripa-
ratide treatment at a baseline enrollment visit. Additional visits were
conducted at 1, 6, 12, 18, and 24 months of treatment. Patient compli-
ance was assessed by direct questioning of the patients and by quantifying
the amount of study drug returned. The study protocol predefined non-
compliance as missing more than 30% of study medication over two
consecutive visits.

Baseline and follow-up assessments
Patient demographics, health history, and previous medication use

were obtained at baseline. Lumbar spine and hip BMD was assessed by
dual x-ray absorptiometry at baseline and 6, 12, 18, and 24 months.
Anteroposterior and lateral spine radiographs were obtained at baseline
to determine whether at least two evaluable vertebrae in the lumbar
region (L2–L4) were present in each patient fulfilling BMD entry criteria.
All scans were sent to a reading center for analysis of areal BMD and
quality assurance (Bioimaging Technologies, Leiden, The Netherlands).
BMD results of the total hip obtained on Hologic, GE-Lunar, and Nor-
land scanners were converted to standardized values, and BMD results
of the lumbar spine and femoral neck obtained on Lunar and Norland
scanners were converted to Hologic values using published and validated
formulae (17, 18). Quality control procedures for densitometric equip-
ment were performed at each laboratory by validating scanners with a
standard anthropomorphic spine phantom.

Biochemical markers of bone formation, including N-terminal
propeptide of type 1 collagen (P1NP) (two-site immunoassay; Roche
Diagnostics, Indianapolis, IN), bone-specific alkaline phosphatase
(BSAP) (enzyme-linked immunoassay, Alkphase-B; Metra Biosystems,
Mountain View, CA), and total alkaline phosphatase (TAP) (dry slide;
Ortho-Clinical Diagnostics, Bucks, UK) were measured in serum col-
lected after an overnight fast at baseline and after 1 and 6 months of
teriparatide treatment. All samples were analyzed at the University of
Sheffield (Sheffield, UK). Detailed assay methodology has been previ-
ously reported (19). Assay coefficients of variation were P1NP, 9.9%;
BSAP, 6.8%; and TAP, 7.0% (19).

Serum calcium, albumin, and alkaline phosphatase levels were mea-
sured before the injection of teriparatide during clinic visits at month 6,
12, 18, and 24. Serum calcium was corrected for serum albumin accord-
ing to the following formula: corrected calciums � total calciums � [
(40 � albumins) � 0.02] (20). Fasting clinical chemistry, hematology,
and urinalysis laboratory tests were performed at baseline and 24 months
at the local investigative site laboratory. Hypercalcemia was defined as
an albumin-corrected serum calcium level above the upper limit of nor-
mal serum calcium using the assay employed by the local investigative
site. Study site personnel were instructed to note the occurrence and
nature of each patient’s medical condition before study entry and mon-
itor any changes in these conditions and the occurrence and nature of any
adverse events throughout the study.

Statistical analysis
The primary objective of the EUROFORS study was to compare

change in lumbar spine BMD after 24 months of teriparatide treatment
with change in lumbar spine BMD after 12 months of teriparatide treat-
ment followed by 12 months of no active treatment. The aim of the
secondary analysis presented in this manuscript was to examine the
change in BMD after 24 months of teriparatide treatment stratified by
long-term previous antiresorptive treatment.

Mixed-model repeated measures (MMRM) was used to analyze
changes from BMD at baseline using changes in BMD as the response
variable and previous antiresorptive therapy, visit, and their interaction
as fixed effects using SAS Proc Mixed. Models were fitted with adjust-
ment for baseline BMD, duration of previous therapy, lag time between
stopping previous therapy and starting teriparatide, age, time since
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menopause, body mass index (BMI), and baseline P1NP. A sensitivity
analyses was completed looking at absolute differences in changes in
BMD without adjustment for baseline data. Pairwise differences between
least-square means gave estimates for between-group differences in
changes from baseline. The least-square means of change from baseline
were divided by the mean baseline BMD, which gave a crude estimate of
percent change for a patient with average baseline BMD.

Biochemical markers were not normally distributed and were log
transformed before modeling and analyzed using MMRM. The logged
actual endpoint was the explanatory variable in the model. Fixed effects
for previous treatment, visit, and their interaction were used. Other ex-
planatory variables were age, BMI, lag time between the end of previous
antiresorptive treatment and the start of teriparatide, and duration of
previous treatment. Pairwise differences were exponentiated to give
within-group percent changes from baseline. The raw data were sum-
marized and medians and interquartile ranges plotted.

All models allowed for the correlations between repeated measure-
ments on subjects, and these correlations were estimated by the data. The
models were fit using the restricted maximum likelihood method, with
Kenward Roger degrees of freedom (21). Assumptions of normality were
checked. The MMRM methodology assumes data are missing at ran-
dom. All nonmissing data contribute to the model, and no missing data
are imputed. All efficacy and safety analyses were conducted on a mod-
ified intent-to-treat basis and included all data from patients starting a
second year of teriparatide therapy.

Differences in baseline characteristics were tested using ANOVA for
parametric data and the Kruskal-Wallis test for nonparametric data.

All adverse events were categorized as treatment-emergent if first
occurrence of the event was observed after initiating teriparatide therapy
or the event worsened in severity on teriparatide treatment compared
with the baseline period. No formal comparisons between groups were
made.

Analyses were performed using SAS software (SAS Institute, Cary,
NC).

Results

Patient disposition
Of the 865 women enrolled to EUROFORS and initiating

teriparatide treatment, 659 had been previously treated with
antiresorptive therapy (Fig. 1). Three hundred seventy-seven of
these pretreated patients had been treated with one antiresorp-
tive drug for at least 12 months. Of these, 315 (83.6%) com-
pleted the first year of teriparatide treatment, and 245 women
were randomized to continue into a second year of teriparatide
therapy and constituted the population for analysis in this study
(Fig. 1). For the purpose of the analysis, the women were clas-
sified into subgroups according to previous predominant anti-
resorptive treatment as follows: alendronate (n � 107), risedr-
onate (n � 59), etidronate (n � 30), and non-bisphosphonate
antiresorptive (n � 49). In total, 228 (93.1%) women completed
a second year of teriparatide treatment (Fig. 1). Among these
women, measurements of returned pens used for the sc admin-
istration of teriparatide revealed that 96.5% of them used at least
70% of the expected amount of teriparatide.

Baseline demographics
The baseline characteristics are shown in Table 1. There were

no significant differences for age, BMI, or spine or hip BMD.
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FIG. 1. Patient disposition.
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Time since menopause was lower in the non-bisphosphonate
group, probably reflecting postmenopausal ET/EPT use. Bio-
chemical markers of bone formation were significantly different
between study groups at baseline (Table 1). This result was ex-
pected given the differences in the degree of bone turnover sup-
pression induced by antiresorptive therapies with the lowest val-
ues being observed in alendronate or risedronate users and the
highest values in the etidronate group. Lag time between stop-
ping antiresorptive treatment and initiating teriparatide therapy
and duration of previous predominant antiresorptive treatment
were both significantly different between subgroups (Table 1).
The majority of previous alendronate-, risedronate-, and non-
bisphosphonate-treated women initiated teriparatide therapy
within 1 month of stopping antiresorptive treatment, whereas
the majority of previous etidronate-treated women initiated
teriparatide treatment after 1 month of stopping etidronate ther-
apy due to the cyclic dosing scheme of this drug (Table 1).

BMD
Lumbar spine BMD significantly increased relative to base-

line at all time points in each subgroup (Fig. 2A). Significant
increases compared with baseline were observed in all subgroups
at 24 months, ranging between 0.062 � 0.004 gm/cm2 (mean �

SE) (9.3%) in the previous alendronate to 0.089 � 0.009 gm/cm2

(13.3%) in the previous etidronate subgroup (Fig. 2A). Changes
in lumbar spine BMD from baseline were similar at each time
point among previous alendronate, risedronate, and non-
bisphosphonate subgroups. However, women previously
treated with etidronate experienced significantly greater lumbar
spine BMD increases at all time points compared with women
previously treated with alendronate and risedronate, and at 18
and 24 months compared with women previously treated with
non-bisphosphonates (Table 2).

Although the pattern of early changes in total hip BMD ap-

peared to differ between the subgroups, the differences were not
significantly different at any time point in the study (Fig. 2B).
Total hip BMD decreased at 6 months but was not significantly
different from baseline in the previous etidronate (�0.006 �

0.006 gm/cm2, �0.9%, P � 0.32) and non-bisphosphonate
(�0.002 � 0.005 gm/cm2, �0.3%, P � 0.71) subgroups,
whereas total hip BMD decreased significantly in the previous
alendronate (�0.008 � 0.003 gm/cm2, �1.2%, P � 0.004) and
risedronate (�0.011 � 0.004 gm/cm2, �1.6%, P � 0.003) sub-
groups. At 24 months, total hip BMD was significantly increased
compared with baseline in all subgroups, and changes were not
significantly different among subgroups (Table 2).

Femoral neck BMD decreased in all subgroups at 6 months,
although this decrease was significant only in the previous alen-
dronate subgroup (�0.011 � 0.003 gm/cm2, �2.0%, P �

0.001). No statistically significant differences between sub-
groups at any time point in the study were found, except for the
difference at 18 months between the etidronate and alendronate
subgroups (Fig. 2C). At 18 and 24 months of treatment, BMD at
the femoral neck was statistically increased compared with base-
line in all subgroups, except the previous alendronate subgroup,
where the change at 18 months (0.006 � 0.003 gm/cm2, 1.1%)
was not significant (P � 0.06). Pairwise BMD differences be-
tween previous predominant groups at 24 months are detailed in
Table 2. The small symmetric confidence intervals around zero
indicate similar results among the four previous treatment
groups. Our conclusions regarding the differences between pre-
vious treatment and changes from baseline were consistent
whether the analysis is adjusted for baseline values or
unadjusted.

The MMRM models showed that baseline BMD and P1NP
levels and either age or time since menopause were associated
with the BMD changes at the three sites. Lower baseline BMD
values, higher baseline P1NP values, and older age were associ-

TABLE 1. Baseline characteristics of 245 women starting second year of teriparatide treatment stratified by previous
antiresorptive therapy

Baseline characteristics Alendronate Risedronate Etidronate
Non-

bisphosphonatea P value Total

n (%) 107 (43.7) 59 (24.1) 30 (12.2) 49 (20.0) 245 (100.0)
Age (yr) 70.3 (6.9) 68.9 (7.1) 68.3 (7.4) 67.9 (6.6) 0.154 69.2 (7.0)
Time since menopause (yr) 23.8 (9.0) 23.1 (10.4) 21.4 (10.3) 18.6 (8.2) 0.011 22.3 (9.5)
BMI (kg/m2) 24.8 (4.0) 25.3 (3.1) 24.9 (4.5) 26.3 (4.5) 0.179 25.2 (4.0)
Lumbar spine BMD (g/cm2) 0.709 (0.104) 0.710 (0.120) 0.724 (0.110) 0.733 (0.097) 0.574 0.716 (0.107)
Lumbar spine BMD (T-score) �3.43 (0.87) �3.46 (1.00) �3.53 (0.89) �3.20 (0.76) 0.378 �3.40 (0.89)
Total hip BMD (g/cm2) 0.682 (0.103) 0.699 (0.124) 0.704 (0.121) 0.721 (0.094) 0.209 0.697 (0.109)
Femoral neck BMD (g/cm2) 0.609 (0.101) 0.637 (0.135) 0.656 (0.143) 0.640 (0.122) 0.159 0.628 (0.120)
P1NP (�g/liter)b 21.1 (12.3,31.3) 24.0 (17.7,31.5) 41.6 (29.9,55.9) 32.5 (20.5,47.7) �0.0001 25.5 (16.3,38.1)
BSAP (�g/liter)b 8.5 (6.6,11.1) 9.6 (7.1,13.7) 12.2 (10.0,13.7) 10.0 (7.9,12.0) 0.002 9.3 (7.1,12.2)
TAP (�g/liter)b 59.5 (52.0,75.0) 61.5 (53.5,76.0) 66.5 (62.0,80.0) 57.0 (52.0,67.0) 0.018 61.0 (53.0,75.0)
Lag time (d)b 28.0 (17.0,38.0) 26.0 (14.0,41.0) 46.5 (20.0,87.0) 28.0 (10.0,43.0) 0.043 28.0 (15.0,43.0)

�1 month, n (%) 65 (60.7) 37 (62.7) 13 (43.3) 29 (59.2) 144 (59)
1–6 months, n (%) 41 (38.3) 21 (35.6) 13 (43.3) 15 (30.6) 90 (37)
�6 months, n (%) 1 (0.9) 1 (1.7) 4 (13.3) 5 (10.2) 11 (4)

Predominant antiresorptive
duration (months)b

29.2 (19.2,52.3) 23.4 (19.2,29.7) 29.7 (23.0,43.3) 36.9 (23.0,93.1) 0.0006 27.9 (19.8,48.9)

�2 yr, n (%) 43 (40.2) 31 (52.5) 8 (26.7) 13 (26.5) 95 (39)
2 to �3 yr, n (%) 21 (19.6) 23 (39.0) 11 (36.7) 11 (22.4) 66 (27)
�3 yr, n (%) 43 (40.2) 5 (8.5) 11 (36.7) 25 (51.0) 84 (34)

Lag time was defined as the time between stopping antiresorptive therapy and starting teriparatide.
a Main therapy: raloxifene, 22 cases; ET/EPT, 20 cases; calcitonin, six cases; vitamin D metabolites, one case.
b Nonparametric data are presented as median (Q1, Q3) (Kruskal Wallis test). For other variables, data are presented as mean (SD) (ANOVA).

J Clin Endocrinol Metab, March 2008, 93(3):852–860 jcem.endojournals.org 855



ated with higher BMD increases. Type of previous antiresorptive
was associated with spine, but not hip, BMD increase, with pre-
vious etidronate users showing higher values (Fig. 2A). The du-
ration of antiresorptive treatment, lag time between stopping
antiresorptive medications and start of teriparatide, and either
baseline BMI or its change over time were not associated with
BMD increase at any of the three sites analyzed.

Biochemical markers of bone formation
After 1 month of teriparatide treatment, all subgroups

showed statistically significant increases from baseline for P1NP
and BSAP (Fig. 3, A and B). Comparisons of P1NP levels between
treatment groups at baseline and month 1 showed P1NP levels in
the previous alendronate group were significantly lower com-
pared with all other previous treatment groups. TAP signifi-
cantly increased after 1 month of teriparatide treatment in all
subgroups except in the previous etidronate group (data not
shown).

At month 6, P1NP levels in the previous risedronate group
were significantly greater compared with the previous alendro-
nate and non-bisphosphonate groups. A similar trend was ob-
served for changes in BSAP levels, which were significantly lower
at all time points in the previous alendronate treatment group
compared with previous etidronate and risedronate groups and
at baseline and month 1 compared with the previous non-
bisphosphonate group.

Type of previous predominant antiresorptive medication,
time since stopping previous antiresorptive therapy and starting
teriparatide treatment, and visit were associated with bone turn-
over marker levels after initiating teriparatide treatment in the
MMRM models. Previous risedronate treatment was associated
with a higher increase in P1NP and BSAP at 6 months. Each
additional week of lag time between stopping antiresorptives and
starting teriparatide was associated with a 0.9% increase in
P1NP and 0.4% in BSAP. The duration of previous antiresorp-
tive therapy, age, and BMI did not influence the bone marker
values.

A sensitivity analysis of the biochemical markers of bone for-
mation was performed to exclude 29 women who sustained an
incident fracture during the first 6 months of teriparatide. The
absolute changes and the conclusions from the MMRM did not
show any substantial variation to the results of the overall cohort
(data not shown).

Safety
Treatment-emergent adverse events occurring in more than

seven patients (�3%) during the 2-yr continuous teriparatide
treatment are presented in Table 3. Hypercalcemia, defined as
greater than the upper limit of normal at the local laboratory
level, developed in 15 women (6.1%) in the study: seven (6.5%)
in previous alendronate, five (8.5%) in previous risedronate, and
three (6.1%) in previous non-bisphosphonate study groups. The
incidence of hypercalcemia was not significantly different (P �

0.38) among study groups. No adverse treatment effects were
observed in the other hematology or chemistry tests with the
exception of hypercholesterolemia, which occurred in five pa-
tients (2.0%).
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FIG. 2. Adjusted mean BMD changes from baseline after 2 yr of continuous
teriparatide treatment stratified by previous predominant treatment: A, lumbar
spine; B, total hip; C, femoral neck. A, Within-group changes from baseline: P �
0.001 in all treatment groups at all time points; between-group comparisons at
6, 12, 18, and 24 months: P � 0.05 etidronate (ETI) vs. alendronate (ALN) and
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from baseline.
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Discussion

The results of the BMD changes and biochemical markers of
bone formation in the EUROFORS trial support the concept that
treatment with teriparatide induces positive effects on bone mass
and osteoblast function regardless of previous long-term expo-
sure to antiresorptive therapies in postmenopausal women with
established osteoporosis. Duration of antiresorptive therapy and
lag time between stopping previous therapy and starting teripa-
ratide did not affect the BMD response at any skeletal site. The
skeletal responses at the lumbar spine were similar among pre-
vious antiresorptive therapy groups at each time point during the
study, although previous users of etidronate showed a higher
increase, probably reflecting its weaker anti-remodeling activity.
At month 6, total hip and femoral neck BMD significantly de-
creased in the previous alendronate subgroup, and total hip
BMD significantly decreased in the previous risedronate sub-
group. Total hip and femoral neck BMD was numerically de-
creased from baseline in all other subgroups at 6 months. How-
ever, this transitory decrease was reversed with longer
teriparatide treatment, with all subgroups showing a statistically
significant increase compared with baseline after 18 and 24
months of treatment, and without differences between the
groups at any time point in the study.

Previous studies have reported the effect of teriparatide ad-
ministered cyclically or sequentially with antiresorptive therapy
on BMD. Cosman et al. (22) showed that giving teriparatide in
3-month cycles (daily for 3 months, switch to alendronate for 3
months) for 15 months gave a similar increase in spine BMD as
daily teriparatide for 15 months in patients previously treated
with long-term alendronate therapy. These results indicate that
teriparatide stimulates bone formation and increases BMD in the

presence of long-term and continued alendronate and are con-
sistent with the findings in alendronate-pretreated men who were
treated sequentially with teriparatide (14). In the Anabolic After
Antiresorptive trial (3), pretreatment with alendronate mitigated
the early BMD and formation marker responses to teriparatide
compared with more robust changes in patients previously
treated with raloxifene.

BMD data in osteoporosis treatment-naive patients from the
EUROFORS trial have shown a more robust response to teripa-
ratide (19, 23). In 84 treatment-naive patients treated for 24
months, BMD increases were 13.5, 3.9, and 4.6% at the lumbar
spine, total hip, and femoral neck, respectively (23). Overall, the
BMD increase was higher in this group than in patients previ-
ously treated with potent antiresorptive therapies, and similar to
etidronate-pretreated patients. Although percent increase in
P1NP seems lower in treatment-naive patients (252% vs. base-
line) compared with antiresorptive-pretreated patients (approx-
imately 600%) (23), this is the result of the much lower baseline
bone turnover values of the pretreated patients. The increase in
the absolute values of bone markers was similar regardless of
previous treatment (23).

The early decrease in hip BMD after therapy with oral nitro-
gen-containing bisphosphonates and subsequent reversal with
longer teriparatide treatment deserves further discussion. Previ-
ous studies have reported that teriparatide-induced BMD
changes at skeletal sites with a high proportion of cortical bone
are less than at sites with predominantly trabecular bone (3, 9,
13, 24). This phenomenon has been postulated to be the result of
the mechanism of action of teriparatide in cortical bone (3). At
cortical sites, teriparatide induces the simultaneous periosteal
apposition of young bone matrix and endosteal resorption of old

TABLE 2. Pairwise BMD differences between previous predominant treatment groups at 24 months

Drug/comparator Estimate SE 95% confidence interval P value

ALN/ETI
Lumbar spine �0.032 0.0111 �0.0542, �0.0106 0.004
Total hip �0.012 0.0083 �0.0283, 0.0044 0.152
Femoral neck �0.002 0.0103 �0.0227, 0.0180 0.819

ALN/non-BP
Lumbar spine �0.002 0.0092 �0.0206, 0.0157 0.789
Total hip 0.000 0.0069 �0.0132, 0.0141 0.946
Femoral neck 0.004 0.0085 �0.0127, 0.0210 0.627

ALN/RIS
Lumbar spine �0.002 0.0077 �0.0167, 0.0135 0.831
Total hip �0.003 0.0059 �0.0143, 0.0088 0.641
Femoral neck �0.004 0.0073 �0.0189, 0.0100 0.544

ETI/;Non-BP
Lumbar spine 0.030 0.0127 0.0050, 0.0549 0.019
Total hip 0.012 0.0095 �0.0063, 0.0312 0.193
Femoral neck 0.007 0.0118 �0.0167, 0.0298 0.58

ETI/RIS
Lumbar spine 0.031 0.0117 0.0077, 0.0538 0.009
Total hip 0.009 0.0088 �0.0082, 0.0266 0.298
Femoral neck �0.002 0.0110 �0.0237, 0.0195 0.85

Non-BP/RIS
Lumbar spine 0.001 0.0103 �0.0194, 0.0210 0.936
Total hip �0.003 0.0078 �0.0185, 0.0121 0.679
Femoral neck �0.009 0.0095 �0.0273, 0.0101 0.366

ALN, Alendronate; BP, bisphosphonate; ETI, etidronate; RIS, risedronate.
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bone matrix. Patients who have received more potent nitrogen-
containing bisphosphonates experienced more pronounced
early decreases in hip BMD after starting teriparatide. This find-
ing supports the hypothesis that in patients whose bone turnover
was more inhibited, the resorption of highly mineralized bone
results in a transitory BMD decrease during the first few months
of teriparatide therapy, which is then transformed into an in-
crease during the further course of treatment as the new bone
fully mineralizes. These findings may have practical conse-
quences in the interval assessment and interpretation of dual
x-ray absorptiometry results in patients receiving teriparatide

treatment, where it may be advisable to measure BMD at the end
of the approved treatment duration, i.e. after 18 or 24 months
depending on the country of use.

The results of the biochemical markers of bone formation and
TAP after short-term teriparatide treatment were similar to pre-
vious findings by Ettinger et al. (3) in a smaller cohort of pre-
treated patients and in a study of men with osteoporosis (15).
Statistically significant increases from baseline for P1NP and
BSAP were observed in all groups after 1 month of teriparatide
treatment, which provides additional evidence that teriparatide
activates osteoblast function in women with severe osteoporosis
after previous antiresorptive treatment use. Levels of bone for-
mation markers varied according to the type of previous treat-
ment and according to the time since stopping previous antire-
sorptive therapy. Previous treatment with alendronate was
associated with a consistent trend among all biochemical mark-
ers of bone formation for lower values at 1 month compared with
all other previous treatment groups. Interestingly, previous
risedronate treatment was associated with a higher P1NP and
BSAP at 6 months than the other groups, although the clinical
significance of this is unclear. Additionally, time since stopping
previous antiresorptive therapy and starting teriparatide treat-
ment was associated with 6-month changes in these two markers.
These findings suggest that early treatment response to teripa-
ratide is attenuated by previous use of potent nitrogen-contain-
ing bisphosphonates but that these effects are overcome with
longer treatment. These biochemical differences, although re-
flecting a possible inhibitory effect on osteoblast function, are
not paralleled by differences in BMD response and thus may not
have clinical implications.

Treatment-emergent adverse events were similar to those re-
ported in osteoporosis treatment-naive women in the Fracture
Prevention Trial (1, 25) and in men (26). Hypercalcemia devel-
oped in 6.1% of women in the study and was not statistically
significant between study groups. The incidence of hypercalce-
mia observed in this study was comparable to the proportion
reported by Cosman et al. (22) (3%) and Orwoll et al. (26)
(6.2%) and was lower than the proportion reported by Ettinger
et al. (3) in women previously treated with alendronate (12.1%)
or raloxifene (9.1%). Importantly, no patient discontinued the
study due to hypercalcemia.

Limitations of our analyses should be noted. First, the EU-
ROFORS study was an open-label design, and during the first
year, there was no control group. However, the main outcomes
(BMD and biochemical markers of bone turnover) are unlikely
to be influenced by a lack of blinding. Second, the use of anti-
resorptive therapies before the study was not randomized, and
previous treatment duration was not uniform among the differ-
ent groups, because each individual therapy has been available
for the treatment of osteoporosis for different lengths of time.
However, the protocol contained stringent requirements for a
standardized and detailed documentation of previous antire-
sorptive treatment, which allowed statistical modeling to ac-
count for any imbalances. Furthermore, these heterogeneous co-
horts reflect real-life clinical practice, enhancing the clinical
validity of these results. Bone resorption markers were not mea-
sured in the study, which prevented a complete understanding of
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the effects of previous antiresorptive treatment on bone turn-
over, although this was done previously in a smaller study (3)
with a design that was similar to the EUROFORS study. Finally,
the study lacked statistical power to assess the association of
fracture with changes in BMD and bone marker data. However,
recent data from the Fracture Prevention Trial shows that rela-
tive fracture risk reduction seen with teriparatide was indepen-
dent of pretreatment bone turnover (27).

In conclusion, although teriparatide was effective in increas-
ing bone formation markers and BMD after previous antiresorp-
tive treatment use regardless of type or duration of therapy, the
BMD increase was less robust for patients previously treated
with alendronate and risedronate than in the treatment-naive
group. Adverse events and hypercalcemia rates were very similar
to those reported in treatment-naive patients. These findings sup-
port the use of teriparatide as an effective treatment option in
women with severe osteoporosis after previous antiresorptive
treatment use, including long-term previous alendronate and
risedronate treatment.
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haus Eppendorf, Hamburg), W. Spieler (Zefor, Zerbst), R. Möricke
(Magdeburg), A. Wagenitz (Berlin), F. Flohr (Universitätsklinikum
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Data represent number (percent).
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